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redeeming quality to keep them an instant from the 
dung-heap." In the latter note Forsyth again referred 
to eating the cooked flower-heads of rhubarb, and stated 
that he and others had done so without experiencing any 
ill-effects. But he directed attention to the fact that 
during the season (spring, 1847) there was a general 
complaint against the eating of the stalks of rhubarb
lea ves, as violent relaxation had resulted. Another 
correspondent to the Gardeners' Chronicle (1847, p. 325) 
suggested that illness from eating rhubarb-apparently 
he meant the inflorescence-may have been due to 
the variety, and stated that a medical man whom he 
knew had a plant of rhubarb in his garden which was 
particularly early, and which, used in tarts, invariably 
caused illness in those who ate it, while other plants 
growing in the same bed, but which were a little later, 
were quite wholesome. The same effects had been 
ohserved for several years, until at length he destroyed 
tht' offending plant. 

A reference to the Gardeners' Chronicle (1847, pp. 283, 
341, 357) will show the varying results of eating the 
youn!!: inflorescence, producing no ill-effects in some 
cases and serious illnel!s in others; and in the same 
journal (1847, p. 283) a case is recorded of a Chelsea 
woman who boiled rhubarb-leaves as a substitute for 
spinach, and all three of those who ate of the dish were 
attacked with sickness, one of them, a boy, being also 
afflicted with swellings about the mouth. An editorial 
comment on this runs as follows: "We are not aware of 
any similar instances of serious consequences following 
the usE' of rhubarb, but it is by no means surprising that a 
plant which forms so much oxalic acid should be unsafe, 
and we recommend the subject to serious chemical in
quiry. It is quite conceivable that the leaves should 
contain some principle which the stalks are deficient in, 
as indeed is proved by the different manner in which the 
JUice of the leaf-stalks and leaves is affected by the 
same reagents; but until there shall have been time 
for a careful inquiry into the organic products of these 
two parts we can only warn the public against em
ployin!!: for food any part of the rhubarb except that 
which experience shows to be hsrmless." 

The Garden (1872, vol. i, p. 197) contains an extract 
from an American paper which shows that a woman 
residing between Oneida and Durhamville, New York, 
dird from the effects of eating as greens the leaves of 
rhubarb, or pie-plant as it is known in the United 
States, but death taking place after three weeks of 
suffering. "The leaves are poisonous, and should 
never be eaten." concludes the paper's announcement 
of the fatality. 

Judging from published statement� (Gardeners' 

Chronicle, ser. 3, vol. xv, pp. 340, 353, 384, 400), there 
was a revival of interest in the question of eating rhubarb
leaves in 1899. One correspondent wrote (p. 384): 
"Rhubarh spinach has been for many years a favorite 
dish with us"; but the Secretary of the Massachu�etts 
Horticultural Society communicated the following 
warning (p. 400): "The Gardeners ' Chronicle for May 
27th is at hand thi8 morning and the note on 'Rhubarb
leaves as a Vegetable' prompts me to say to you that 
instances have been known hE>re where their use as 
'greens' has caused fatal results owing to the excess of 
oxalic acid A horticultural friend told me many years 
ago that he had raised many seedlin!!:s, Sl>me of which (I 
assume that the usual part was cooked in the usual 
way) caused vomiting as certainly as ipecacuanha." 

A curious case is reported in the Pharmaceutical 

Journal (11101, vol. lxvi, p. 639) as follows: "At an 
inquest held at Ashstead on Friday, May 3d, concerning 
the death of John Lintott (thirty-nine) a scaffolrlf"r. 
it wa� stated that on thp Drf'violl� Monday deceas9r1 
complained of vi(,lpnt paim- anrl a doctor prescribed 
for him ha ving found that he wab suffering from a 
gastric attack After the doctor left the patient some 
cooked rhubarb-leaves were given to him as medicine, 
it being stated that the leaves were used as a vegetable 
in parts of Hampshire. The man died next day, and 
the doctor exprl(ssed the opinion that death was due to 
excessive vomiting, causing exhaustion, produced by 
eating rhubarb-leaves. The coroner expressed surprise 
at hearing that stewed rhubarb-leaves were used as a 
mediciI\e or as a vegetable. A verdict was returned 
of 'Accidental death, caused by eating rhubarb-leaves.''' 

In 1911, vol. lxxxvi, p. 8, the same jounral contains 
the following, extracted from the British Medical Journal 
of December 31st, 1910: "The author [Dr. W. E. 
Burton] mentions two cases of rhubarb-poisoning to 
which he was called, the symptoms being similar in each 
case, and refers to the death from the use of rhubarb 
which was the subject of a coroner's inquest at Catford 
some weeks since. Rhubarb, although rightly regarded 
as a wholesome food and an excellent substitute for 
fruit, does not agree with everyone. It is possible that 
the presence of oxalates in the urine and the severe 
intestinal irritation indicate oxalic acid as being one of 

the agents respont'ible for the toxic action. Oxalic 
acid and oxala tes, ChI ysophan, chrysophanic acid, and 
phaoretin are all found in rhubarb-root, and are of an 
irritating nature." 

In a discussion on rhubarb-wine (Gardeners' Chronicle, 

1853, p. 406) the observations of one writer seem to have 
especial interest as a possible explanation of the cause 
of the variable effects produced by eating rhubarb: 
"However good the wine made from rhubarb may be, 
I take the liberty of advising your readers not to drink it. 
It is well known that the acidity of rhubarb-stalks is 
owing to the presence of an acid salt-the binoxalate of 
potash-a combmation of the poison oxalic acid and the 
alkali potash. This salt does not exist in sufficient 
quantity in the rhubarb-stalks to produce its poisonous 
effects, and the same may be said of the wine. But 
there is another danger attending its use in the form of 
wine which ought not to be overlooked. All hard water 
contains lime, and when mixed with the juice of the 
rhubarb-stalks the binoxalate of potash is decomposed 
and an oxalate of lime is formed. Now this oxalate of 
lime is the constituent principle of the mulberry calculus, 
and there is a peculiar condition of the human body 
known to medical men as the oxalic diathesis, which de
pends upon the presence of this oxalate of lime in the 
blood (I use the word blood for obvious reasons). This 
oxalic diathesis has been proved by Dr. Golding Bird 
to be much more common than it was supposed before 
this gentleman brought the microscope to assist him 
in his pathological researches. Such being the casp, it 
is obvious that any article of common use which con
tains this oxalate of lime, or even the oxalic acirl or its 
salts, must be more or less injurious t.n heaith, more 
particularly to those in whom thpre exists a predisposi
tion to assume the oxalic diathesis. It must be borne in 
mind that oxalic acid is formed in the human body by 
the decomposition of sugar, urea, etc. lind the diathesis 
is not uncomm')n frum this cause 1£ it IS t.hus easily 
produced indirectly, a fortiori it is still more likely to 
arise from the direct means of rhubarb-wine. There
fore I say to your readers, eschew the doubtless very 
agreeable beverage which has entered, through the 
medium of your columns into competition with genuine 
'Sillery mousseaux.' " 

The eminent physician and chemist, Dr. William 
Prout, F.ILS. (1785-1850), regarded rhubarb as likely 
to be a dangerous food owing to the large amount of 
oxalic acid present in the leaf-stalks Having analyzed 
wine made from the stalks, he considered it a most 
pernicious drink. and ,hat its frequent 'Ise was likely 
to produce stone in the bladder. He expressed the 
opilllon that an Act of Parliament ought to be passed, 
if necessary to prevel,t the sale of so dangerous a poison 
(GaTfIBher." ChronIcle. 1853 p. 438). 

There is possibly something i n  the suggestion that 
the chemical composition of rhubarb varies to some 
extent aeconiing to the variety and also according 
to the soil on which it is grown. A writer in the Gard
eners Chronicle (1853, p. 357) stated that the amount 
of water present was less when the plants were grown on 
poorer soil, while the aCid principle was more abundant. 

Mr. Edward Solly, F.R.S., published in the Trans
actions of the Horticultural Society of London, ser. 2, 
vol. iii., 1848. pp 35-92, the results of his experiments 
on the inorganic constituents of plants. Among the 
numerous plants on which he experimented were several 
rhubarbs. In the case of each of these he gives the 
respective amounts of water, organic matter, and in
organic matter found both in leaves and leaf-stalks. 
In every case, as he shows by figures, there was con
siderably less water present in the leaves than in the leaf
stalks, but in most cases almost double, in a few more 
than double, t.he amount, always very considerably more 
of organic and inorganic matter was present in the former. 
It is therefore natural to assume from the results of his 
investigations that oxalic acid, or whatever is deleterious 
in the rhubarb-plant, is present in greater proportions 
in the leaf-blade than in the leaf-stalk. 

It may be left to the discretion of those who chance 
to read this article to decide whether or not it is advis
able to eat cooked rhubarb-leaves or rhubarb in any 
form. For at least a century the consumption every 
year of the leaf-stalks as a substitute for fruit has 
been enormous. It is well known to be usually a 
wholesome, and certainly a useful, food. Compared 
with its extensive use, the cases of illness charged 
against it may be regarded as negligible. The in
florescence has also been tried, but evidently not very 
much, and with diverse results. The consumption 
of the leaf-blades has apparently never been general 
or considerable, by no means comparable with that of 
the leaf-stalks, but the baneful effects of doing so are 
relatively so marked that it may be said decisively that 
rhubarb leaf-blades cannot be recommended for general 
use as a food. While experiments in such matters are 
often necessary, and, if attended with caution, are de-
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sirable, carelessness in recommending them or in putting 
them into practice may place one in a less enviable 
position than those of whom it has been said, "Happy 
from such conceal'd, if still do lie, of roots and herbs the 
unwholsom luxury"; and the injudicious experiment in 
eating insufficiently tested articles of food may lead one 
to "discover their malignity in dangerous and dreadful 
symptoms." 

Suction Turbulence* 

A Vital Factor in the Working of all Petrol Engines 

IT is probably unknown to the majority of our readers 
that the British Association has for a number of years 
been working, through a committee of scientists and 
engineers, upon the subject of gaseous explosions. 
Undoubtedly the three most prominently connected 
with this research have been Dr. Dugald Clerk, Prof. 
Betram Hopkinson, and Dr. W. Watson. Other famous 
scientists have assisted materially, but it is to these three 
that we owe most, and we believe every member 
of the committee would be unanimous in agreeing that 
the one who has specialized most deeply and for the 
longest time on the subject is Dr. Dugald Clerk, the 
author of that well-known standard work, "The Gas, 
Petrol, and Oil Engine." This, however, is but natural, 
as the other scientists have had a number of subjects to 
deal with, while in the main, right away from the very 
early days of the gas engine, Dr. Dugald Clerk has 
specialized intensely upon it. 

THE THEORY STAT��D 

We do not attempt to summarize even briefly the work 
of the Gaseoll� Explosion Committee, but rather to 
deal with one of its most interesting researches into 
what, in our opinion, is perhaps the most remarkable 
of the sequence of events which take place so rapidly 
in the cylinder of a motor car or any other internal 
combustion engine. The high frequency explosion en
gine is, of course, used more widely on motor vehicles 
than any other, and at first sight one would expect little 
in common between the 3,000 r.p.m. of the little motor 
cycle engine and the majestic 150 to 170 r.p.m. of the 
great gas engine. Yet as Kipling said of the colonel's 
wife and the sergeant's wife, "They are sisters under 
their skins." 

In Dr. Clerk's own words. 
"The mixture of gas and air which is subsequently 

to be exploded enters the engine through the valves 
or ports at a high velocity, so that the gas within the 
cylinder is in a state of eddying or turbulent motion. 
This motion gradually dies away after the valves are 
closed, but will persist for some time during the com
pression stroke, so that at the moment of explosion there 
may be still a great deal of turbulence. In conse
quence of this motion of the explosive mixture the con
vection of heat will go on more rapidly, and what may 
be called the' effective conductivity ' of the gas will be 
increased." 

EXPERIMENTAL PROOF 

It is difficult to conceive of anything clearer than 
this, but possibly motorists who have not looked into 
the matter closely will understand it even better if 
we very broadly paraphrase the last sentence as mean
ing that the turbulence or commotion of the gas induced 
by its high velocity into the cylinder causes the whole 
mass to inflame very much more rapidly than if it were 
in a state of quiescence or even of moderately rapid 
motion. The motion is rapid and violent, as the word 
turbulence denotes. 

Undoubtedly the finest exposition on the subj ect of 
turbulence as a whole is to be found in Dr. Clerk's 
paper read before the Royal Institution some two 
years ago, and we make no excuse for quoting extensively 
from that section which deals with suction turbulence. 
In the previous part of the paper Dr. Clerk dealt very 
fully with the results of experiments made at Cambridge 
by Prof. Bertram Hopkinson on explosions in a closed 
vessel, in which the same mixtures as those used in a 
gas engine were employed, but the explosive charge was 
in a state of quiescence to begin with, and the conditions 
were then altered by setting up what one may call 
artificial turbulence by running a fan inside the closed 
vessel, which acted more or less as a churn, and gave that 
degree of swirling and eddying which is so absolutely 
necessary for rapid combustion of the fuel, whether it be 
a mixture of coal gas and air or of petrol vapor and air. 

Dr. Clerk said it had long been known that the times 
of explosion in closed vessel expcrirn(�nts were much 
longer than the times found in engine cylinders with 
moving pistons. Indeed, Prof. Hopkinson's experi
ments with a closed vessel had shown that with an engine 
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cylinder approximating to the same dimensions it would 
be impossible to work it commercially, as the time of 
explosions would be as long as .26 second. Therefore 
the single revolution of such an engine would occupy 
2.3 seconds, so that the engine could not revolve even at 
as Iow a rate as 30 r.p.m. and still ignite the gases in 
time to produce effective results. As long ago as 1882 

Dr. Clerk had pointed out that mechanical disturbance 
of the explosive mixture in the cylinder was necessary 
in order to secure the maximum pressure in the time 
required for running an engine effectively, but at that 
date the full significance of suction turbulence was not 
appreciated, though the theory than held by Dr. Otto 
and others of the stratification of gases was hopelessly 
wrong. 

FLAME PROPAGATION 

The examination of indicator diagrams from gas 
engines and petrol engines had shown that the rate 
of flame propagation varies in different engines from 
35 feet to 100 feet per second. In a gas engine using 
town gas and running at 160 r.p.m., the time of explosion 
was ,,'"th of a second, which gives a flame velocity of 
85.5 feet per second, amd in this particular engine the 
inlet velocity of the charge through the valve throat was 
160 feet per second. We want this velocity of the inlet 
charge to be borne in mind. It will be seen that it is at 
the rate of 9,600 feet a minute; in other words, assuming 
a piston speed of 1,000 feet per minute, it is nearly ten 
times the piston speed, and the importance of this fact 
will be realized. 

To take a typical petrol engine running at high 
velocity examined by Dr. Watson, it was found that 
the explosion period occupied jj + II th of a second, this 
giving a flame velocity of approximately 90 feet per 
second. It will be noticed, despite the rapidity of 
the explosion, that, owing to the very much smaller 
diameter of the engine as compared with the great gas 
engine, the actual flame velocities are almost the same 
-85.5 feet per second for the gas engine and 90 feet per 
second for the petrol engine. 

While it was so well recognized that the flame velocity 
was higher in engine cylinders than in closed vessels, 
and mechanical disturbance was assumed to be the 
cause, yet many years elapsed before the matter was 
fully investigated and explained. 

I:lUCCESSIVE COMPRESSIONS A N D  EXPANSIONS 

Indeed, it was not until 1912 that simultaneous ex
periments were made by Dr. Clerk and Professor Hop
kinson by different methods to determine the nature of 
the mechanical disturbance causing this increase in the 
explosion rate. Dr. Clerk's experiments were made with 
a gas engine, and it was so arranged that a charge could 
be taken into the cylinder, compressed and expanded 
for any desired number of times without ignition, and 
then ignited under compression when the desired number 
of alternate compressions and expansions had been com
pleted. The object of this experiment was to compare 
the rate of inflammation immediately after ignition and 
compression under full load with the engine hot and in 
the ordinary manner of working, with the rate of in
flammation after the charge had been compressed and 
expanded several times before ignition. 

RAPIDITY OF IGNITION 

The idea to be substantiated or disproved was that 
turbulence was caused within the cylinder by admission 
of the charge at a high velocity through the inlet valve, 
and that this turbulence persisted during the compression 
stroke, so that in the ordinary running of the engine the 
ignition flame was projected into a mass of rapidly
moving gas, resulting in the flame velocity being much 
more rapid than if the charge had been still. The 
alternate compression and expansion before ignition was 
intended to allow the turbulence to subside, so that 
ignition started in a comparatively still mass of gaseous 
mixture instead of in a rapidly-moving one. The ex
periments proved that inflammation at the end of the 
third compression stroke took two and a half times, as 
long as if the ignition occurred immediately after one 
compression stroke, as in ordinary working, and show 
clearly that the velocity of flame through the mass of 
gas in the working cylinder depends very largely on the 
residual turbulence, due in the first instance to the charge 
velocity at entering. From this it would be deduced 
that the higher the charge velocity the greater the 
speed of ignition, and experiments show that this is 
the case. Where the charge vp]ocity through the valve 
is high the rate of ignition is rapid, and in petrol engines, 
where the charge velocity sometimes rises as high as 
150 feet per second, the flame velocity approaches 90 feet 
per second. 

PISTON TUHBULENCE NEGLIGIBLE 

Professor Hopkinson's simultaneous experiments were 
those to which we have already referred, and consisted 

in using an agitator or fan inside the closed vessel in 
which the mixture was exploded. Without going into 
details it will suffice to say that these experiments 
entirely substantiated the engine experiments, as when 
the fan was run at a suitable speed the rate of explosion 
could be accelerated, as it was in the gas engine cylinder, 
by the turbulence. We may say that these experiments 
had certain other objects in view in regard to other 
aspects of gaseous explosions, but we purposely omit 
reference to them so as to keep down to the one aspect of 
the subject. 

What we think will most puzzle the average reader 
is that Dr. Clerk should regard the alternate compressing 
and expanding of the charge as little better than leaving 
the gas at rest. He talks of residual turbulence which 
does not die out on the compression stroke, where the 
average man would imagine that the compression stroke 
would keep the gas in a very high state of excitation 
indeed. This is a very interesting point, and Dr. Clerk 
has been good enough to explain it very clearly. For the 
sake of distinction we call this expanding and com
pressing of the gas by the piston "piston turbulence," 
and, accepting the term, Dr. Clerk points out that the 
velocity of the gases through the inlet ports varies, as 
shown by his experiments, between 100 and 160 feet per 
second. The piston velocity in the petrol engine is only 
in the order of 20 feet per second. This gives 1,200 feet 
a minute. Of course, engines may run, and do run, con
siderably faster than this and also slower, but the fact 
remains that the velocity of suction is b'om five to eight 
times the velocity of the piston. With ordinary shaped 
compression .space the piston turbulence is practically 
negligible, whereas the churning up due to the high 
velocity of the inlet is of such a violent order that it 
cannot die down during one compression stroke. When 
it is realized that the energy of motion due to a velocity 
of 20 feet per second (piston speed� is about .,,'. of that 
due to 100 feet per second (suction speed), it will at 
once be seen why suction turbulence is the controlling 
factor and not the relatively small displacement due 
to the piston movement. 

SUCTION VELOCITY THE VITAL FACTOR 

Suction velocity, that is the velocity of the mixture 
current through the inlet port, varies with the speed 
of the piston. Inferior though the piston speed is, 
obviously it is the provocative cause of suction velocity, 
which also depends upon the ratio between the mean 
area of the inlet passage and the piston ar-ea: the smaller 
the inlet orifice and the bigger the piston, the greater the 
velocity with which the mixture will rush through the 
port. This last point is quite an interesting one, as we 
have heard it said before now, even when engineers have 
been discussing high efficiency engines, that the ideal 
inlet valve, in regard to getting a full charge, would be 
a valve of the same size as the piston. 

This is all very well so far as it goes, but it must be 
borne in mind that it is not merely a question of the 
size of the valve. If we had a valve so large that there 
was a poor suction effect, the velocity of the inlet current 
would be reduced so enormously that it would be 
necessary to adopt some meas of forcible feeding, such as 
an air compressor; and, if our memory does not deceive 
us, we believe it was Dr. Clerk who pointed this out in 
connection with certain high efliciency engines which 
showed quite clearly that, beyond certain limits, increase 
in valve sizes did not result in satisfactory running until 
an enormously high piston speed was attainea, so that 
the engines were of no use except over very high speeds. 
Incidentally this is another argument for the four valve 
per cylinder idea, though, of course, it presupposes that 
the valves are not timed to open simultaneously unless 
desired. However, this is going away from the main 
subject, and we need not pursue it further at the moment. 

In conclusion, we should like to express our indebted
ness to Dr. Dugald Clerk for the trouble he has taken 
in enabling us to make this matter clear to our readers. 

A New Tantalum Alloy 

ASIDE from their beauty, which gives them value in 
the arts, gold and platinum owe their usefulness in
dustrially largely to their resistance to oxidation and the 
ease with which they can be worked because of their 
malleability. Tantalum, a metal which has been known 
for a century, is likewise resistant to oxygen and to acids, 
at least at practical temperatures, but it was long un
used because of the difficulty of melting it or causing it 
to amalgamate with other metals. A special technique is 
employed in making the filaments used in tantalum lamps. 
For this purpose it is reduced to a fine powder and mixed 
with other powdered metals. The mixture is then sub
jected to strong pressure to form it into a compact 
mass, and afterwards fused in an electric furnace. 

By using the same method to combine it with small 
proportions of gold and copper a homogeneous alloy 
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has now been obtained, very similar to gold in color, 
and with properties which it is expected will enable �t, 
to take the place of other precious alloys in all the in
dustrial uses for which they have hitherto been con
sidered indispensable. The new alloy is very ductile, 
very resistant, very flexible, is as non-oxidizable as pure 
tantalum under the same conditions, and can be pro
duced at a very reasonable price. 
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